Hepatocytes are active in the synthesis of phospholipids not only in their membranes but also in plasma and bile . Phospholipid exchange proteins in hepatocyte cytosol have been considered to be important in the transport of phospholipids from the site of synthesis to the sites of assemblies of various membranes and lipoproteins . As the first step in the study on functions of the exchange proteins in liver cells, it is important to establish a method to characterize various phospholipid exchange proteins from a limited amount of liver tissue (e .g., regenerating rat livers).
In the purification and the characterization of phospholipid exchange Step 1. Livers were obtained from Wistar rats. The livers (200 g) were minced and a 30% homogenate was made in 10 mM sodium phosphate (pH 7.0) containing 0.15 M NaCl (hereafter referred to as phosphate-buffered saline) with four strokes of a Teflon pestle in a glass homogenizer. The homogenate was centri fuged at 15,000 X g for 20 min. The supernatant fraction was centrifuged at 105 x g for 60 min. The pH of the 105 X g supernatant was adjusted to 5.1 with 2 N HCl. After 30 min of mixing, pH 5.1 supernatant was obtained by centrifugation at 13,000 X g for 30 min. The pH of the supernatant was readjusted to 7.0 with 1 N NaOH.
Step 2. Solid ammonium sulfate (65 g/100 ml) was added to 90% saturation in order to precipitate all protein. The precipitate was dissolved in a minimal volume of phosphate-buffered saline. After dialysis against the same buffer, the solution (98 ml) was applied in three equal portions to a column of Sephadex G-75 (Pharmacia Fine Chemicals). The protein was eluted with phosphate-buffered saline containing 0.02% sodium azide. Almost all the phosphatidylcholine exchange activity and the major portion of the phosphatidylinositol exchange activity were eluted at about 1.6 times the void volume as shown in Fig. 1 . The elution volume of the phosphatidylcholine exchange activity was slightly smaller than that of the major phosphatidylinositol exchange activity. Fractions 46 -52 were combined. The phosphatidylcholine exchange activity in the combined fractions was purified 7.4-fold with a yield of 70%. The phosphatidylinositol exchange activity in the combined fractions was purified 6 .5-fold with a yield of 62%. Step 3. The combined fraction was concentrated to 40 ml by dialysis against 400 ml of 50% (w/v) polyethylene glycol No . 6000 (Kishida Chemicals) in 1 mM EDTA adjusted to pH 7.5 with Tris . After dialysis overnight against 5 liters of 5 mM sodium phosphate (pH 7.0), the concentrated material was applied to a column of DEAE-cellulose (Whatman , DE-52 microgranular). Elution was started with 5 mM sodium phosphate (pH 7.0) . The unbound protein fraction (Peak 1) lacked the phosphatidylinositol exchange activity , yet contained the phosphatidylcholine exchange activity (Fig. 2) ; the yield was 8 .2% of the original phosphatidylcholine exchange activity. When the ionic strength of the eluting buffer was increased up to 0.5 M NaCl in a linear concentration gradient of NaCl in 5 mM sodium phosphate (pH 7.0), two other phospholipid exchange activities (Peak 2 and Peak 3) appeared in the effluent with about 0 .12 M NaCl and 0.14 M NaCl (Fig. 2) ; the yields of activity in Peak 2 and Peak 3 were 14% and 15%, respectively , of the original phosphatidylinositol exchange activity . In both of these peaks the phosphatidylcholine exchange activity was also found.
Step 4 of the phosphatidylcholine exchange protein . The unbound protein fraction was concentrated to 30 ml by dialysis against 50% polyethylene glycol No . 6 000 in 1 mM EDTA-Na-Tris (pH 7 .5) and, then, dialyzed overnight against 2 .5 li ters of 0.01 M citrate-0 .02 M sodium phosphate (pH 5 .0). After removal of the precipitate appeared during the dialysis by centrifugation , the supernatant was applied to a column of CM-cellulose (Whatman , CM-52 microgranular). Elution was started with the citrate-phosphate buffer followed by a concentration gradient of citrate-phosphate (pH 5.0) (Fig. 3) . The phosphatidylcholine exchange activity was eluted at 0.034 M citrate-0.068 M phosphate . The active fraction (Fraction I) was purified 172-fold with respect to the original phosphatidylcholine exchange activity; the yield of activity was 4 .6%. Step 4 of the phosphatidylinositol-phosphatidylcholine exchange proteins. Each of the two active fractions (Peak 2 and Peak 3) obtained on DEAE-cellulose column chromatography was concentrated to 30 ml by the dialysis against polyethylene glycol solution. After dialysis against 5 mM sodium phosphate (pH 7.0), each active fraction was applied to the second column of DEAE-cellulose (Whatman, DE-52 microgranular). The two phosphatidylinositol exchange activities were eluted from the column at ionic strength of 0.077 M NaCl and 0.095 M NaCl (Figs.  4, 5) ; in both peaks phosphatidylcholine exchange activity was also found. The active fraction (Fraction II) obtained on rechromatography (Fig. 4) of Peak 2 was purified 62-fold with respect to the phosphatidylinositol exchange activity; the yield was 6.0% of the original phosphatidylinositol exchange activity. The active 
DISCUSSION
Rat liver contains one phosphatidylcholine specific exch ange protein and two phosphatidylinositol-phosphatidylcholine exchange proteins as shown in this paper . A phosphatidylcholine specific exchange protein was purified to homogeneit y from bovine liver by K amp et al. (1973) . Two phospholipid exchange proteins with dual specificities to phosphatidylinositol and phos phatidylcholine were purified t o near homogeneity from bovine brain by Helmkamp et al. (1974 Helmkamp et al. ( , 1976 . By the use of antibodies raised against these phospholipid exchange proteins of beef, it was assumed that both phosphatidylcholine excha nge protein and phosphati dylinositol-phosphatidylcholine exchange protein(s) were p resent in bovine liver , brai n, and heart (Helmkamp et al . 1976 ). Thus, it seems that animal tissues , in ge neral, contain at least these three phospholipid exchange protei ns. The two phosphatidylinositol-phosphtidylcholine exchange proteins have been separated by either isoelectric focusing (Helmkamp et al . 1974; Lumb et al . 1976) or hydroxy apatite chromatography (Demel et al . 1977 ), whereas in this paper these two proteins were separated by DEAE-cellulose chromatography .
In the measurement of phospholipid exchange activities throughout th e steps of the purification, we found it convenient to use liposomes instead of microsomes or mitochondria as an acceptor and a donor of phospholipids . Moreover, by the assay system used in this study , assay of the exchange activities of phos phatidylcholine and phosphatidylinositol can be designed by the incorporation of either labeled phosphatidylcholine or labeled phosphatidylinositol in the C on Areactive liposomes.
